Ship vibrations, airborne and underwater noise levels have always been a challenging topic from performance point of view in ship design, building and operation. The measurement shall help in monitoring the self-noise and the technical state of their machinery mechanism. The vibration levels of the main engine and auxiliary Genset foundation, airborne noise levels of the engine room and underwater self-noise levels of a small mechanized fishing trawler was measured at the jetty in idling condition. The vibration levels on the foundation measured an average value of 0.207 mm/s for main engine and 1.36 mm/s for auxiliary Genset. The airborne noise levels measured 99 dB (A) in the engine room. The peak underwater sound pressure levels measured 162 dB re 1µPa. The response spectra indicate the peak vibration and noise levels in the lower frequency region <1.2 kHz. The machinery excitation forces transferred to the hull surface as pressure fluctuations which generated the airborne and underwater noise levels. Though the measurement limited to jetty conditions, detailed analysis can be useful for detection, classification and tracking of small vessels.
Introduction
Over the years there has been an effect of environmental impact due to man-made activities in water, for example, the oil and gas industry, renewable energy and transportation industry. The growth of the industries leads to serve negative consequences on the marine fauna (IQOE, 2018; Bosschers, 2017) . The recent trends of ship design particularly in areas of structural optimization and reduction of environmental pollution have been a major concern to the designers (MEPC circular 833, 2014) . The latest design standards, there is a tendency for noise and vibration issues to be addressed at the global level (McGoldrick, 1960) . Ship design practice should always aim at heuristic deduction from previous designs and requires a sound engineering judgment Carlton and Vlasic (2005) . The design criteria set should be considered in context of the whole design process to be realistic and achievable within the knowledge and engineering practice. The effects of noise and vibration need to be taken care in ship design with the recent innovation and development to provide healthy environment on-board (Nilsson, 1978; Lurton, 2002) . The shipping traffic noise always hovers the ability of marine species to communicate, which vocalize at low frequency in the region, mostly close to vessel traffic movement (Putland et al., 2018; GVV P Kumar et al., 2019) .
Among many, one of the major sources of underwater noise is due to ships movement. The dominant sources of vibration and noise on-board ship are the propeller, machinery and flow around the hull (American Bureau of Shipping, 2006; Gloza, 2011) . The underwater noises radiated by ships have increased the ambient noise levels of the oceans. This increase has raised a warning alarm to reduce the ocean noise levels by implementing regulation like developing standards, the methodology for measurement, design modification for developing silent ships etc. (Mitson, 1995) . This will help in developing a clam and healthy marine environment for the water species. The study can also be useful to enhance the small vessel security and safety based on the coherent framework in an innovative approach. The application of the passive acoustic methods for small vessel detection, classification and tracking in noisy environment was presented as DEMON acoustic signature, which were measured in distance up to 7 km Chung et al (2011) .
The propeller is identified as a primary noise source transmits noise to the structure through the shaft line and through pressure field generated at the ship stern (Bosschers, 2017) . The machinery radiated noise to the surrounding air as airborne noise (ABN) and transmits the noise to the structure through its foundation as structure-borne noise (SBN). The ABN is significant inside engine room and mainly affecting the neighboring compartments, transmitted through the deck and bulkheads. It also contributes to the transmission of noise to the water, through the ship hull and bottom structure. The SBN has been the object of most attention on the ship noise analysis point of view. Smaller vessel are medium speed engines with turbocharging and the noise levels emitted by these engines are higher when compared with low speed engines. In small ships the living compartments are much closer to the machinery spaces, it shall aggravates the noise levels in the vicinity Brooker and Humphrey (2015) . Resilient mountings, isolation, acoustic and thermal insulation, deck covering and loading tank spaces help in dissipating the noise transmission (Ozsoysal, 2004) . The modal analysis methods for estimating the energy delivers by the machinery to its foundation are the semi-empirical, Nilson's grillage methods and statistical energy analysis (Tratch, 1985) ; Gaggero et al (2014) .
The present paper deals with the measurement results of underwater noise and machinery foundation vertical vibration levels and airborne noise levels of the engine room of a fishing trawler in idling condition with the main engine and Genset in operation at the jetty Holland and Wong (1995) . The vibration response of the main engine is 0.331 mm/s at 704 Hz and the auxiliary Genset is 3.13 mm/s at 832 Hz. The underwater sound pressure levels are 1 dB re 1µPa at frequency 1.2 kHz due to the machinery operation with spectrogram indicating the disturbance in the lower frequencies <3 kHz. The engine room airborne noise levels are 100 dB (A) due to the machinery in operation. All the measured values are well within the acceptable limits as specified by the standards. However, the measurement has a limitation with regard to the jetty condition. The measured data helped to understand the machinery installation noise monitoring and the influence on the ambient noise levels of the region. The data shall be very useful to future studies for noise reduction and long-term measurement shall help in observing the changes in the ambient noise levels Kumar et al (2019) .
Experimental Measurements

2.1
Deployment location and vessel
The measurements on a small mechanized fishing trawler was carried out at the Visakhapatnam Fishing Harbor (VFH) located in the east coast of India as indicated in Figure 1 . The fishing harbor is located next to the Visakhapatnam Port entrance channel. The VFH is one of the biggest in the Andhra Pradesh coast spreading over 0.24 sq.km with around 11 jetties. There are around 700 boats operating regularly in the VFH. The average water depth of the VFH is 6m and with max. Vessel draft 4m is permitted to enter the VFH. There is continuous movement of fishing vessels operating in the harbor region. The fishing vessel in the present study is stern trawler shown in Figure 2 , deployment by CIFNET (Central Institute of Fisheries Nautical and Engineering Training) deployed for regular fishing activity in the Visakhapatnam coast for training young cadets Aktas et al (2015) . The vessel principal particulars are indicated in Table 1 .
2.2
Instrumentation and post-processing a. Vibration
The main engine and Genset foundation location as indicated in Figure 3 . The measurement of the vibration levels in terms of velocity (m/s) was carried out using Bruel & Kjaer vibration accelerometer type 4513 in Figure 4 with the specifications indicated in Table 2 and of frequency range 0-51.2 kHz and LAN XI front-endpanel type 3056-A-040. These are modular analyzer with a flexible front-end for multi-channel and portable system aimed to monitor low-frequency voltage signal. The measurement is taken at the main engine and auxiliary. The post-processing of the measured signal was done using PULSE LabShop software for time domain and frequency spectrum (McGoldrick, 1960) . The airborne noise levels in dB (A) were measured using Bruel & Kjaer handheld precision Sound Level Meter (SLM) type 2250 in Figure 4 with the specifications indicated in Table 2 of frequency range 6.3 Hz to 20 kHz. The SLM equipped with microphone and preamplifier. It is used for wide applications say FFT analysis, tone assessment, occupational health and safety assessment of 1/3 octave and FFT methods using a software utility Holland and Wong (1995) .
c. Underwater Noise
The underwater sound pressure levels measured using cetacean C57 hydrophone in Figure 4 with specifications indicated in Table 2 , interfaced with TASCAM handheld PCM recorder for data acquisition and Spectra Plus Fast Fourier transformation software for converting the voltage signal to the time domain and frequency spectrum. 
Data processing
All the measurement taken over the time duration basis during fishing vessels movement and vessel with auxiliary generators operating at the jetty. The B&K PULSE software is used for sound and vibration measurement post-processing by enabling the scalable real-time signal FFT and overall analysis with IDA front end. The output of the hydrophone was recorded as the changes in the sound pressure levels (SPL) in wave file format. The wave format file is audio file in mp3 format. The sample frequency of the measured files being 192 kHz with 8192 FFT sample size. The power spectral density was calculated using a Hanning window with 75% overlap for all the datasets. Later Spectra plus-SC, Fast Fourier Transformation spectral analysis program is used to post-process the time domain signal to the frequency domain in 1/12 octave band. The post-processed spectrogram is used to identify the various excitation frequencies. 
Results and Discussion
The measurements helped to understand the influence of the underwater noise levels within the VFH limits due to the fishing vessel movements in relation to the vertical vibration levels and airborne noise levels. The VFH is a bay enclosed by breakwaters and with an opening as entrance on one side for ships to and from movement. The measurements were recorded during single fishing trawler vessel movement so as to avoid multiple sources for the same period of measurement.
The vertical vibration levels of the main engine and auxiliary Genset foundation as indicated in Figure 3 for four days along with the frequency are listed in the Table 3 & 4. The measured values of the foundation location are well within the acceptable criteria of ANSI and SNAME standards for ships (McGoldrick, 1960) . All the measurement were taken are for the same vessel under similar conditions at the jetty operation condition. The vertical vibration levels of the main engine are found to be well within the acceptable criteria limits. The minimum and maximum range of the values is indicated in the Figure 5 showing an average value between 0.17-0.22 mm/s. It can be noticed that the aft of the main engine vibration levels is higher than the forward region, this may be due to the gearbox and shafting which are present in the aft of the main engine. The vibration levels range to the starboard side are larger than the port side, the possible reason is that the starboard machinery like auxiliary Genset, pumps etc. are in operation during the measurement. The vertical vibration levels of the auxiliary Genset are found to be well within the acceptable criteria limits. The minimum and maximum range of the values is indicated in the Figure 6 showing an average value between 0.7-3.1 mm/s. It can be noticed that the aft of the auxiliary Genset vibration level is slightly higher than the forward region, this may be due to the main engine which are present in the aft of the auxiliary Genset. Analyzing the vibration of the main engine that is converted into acoustic energy one should take into account the possibility of occurring of structural resonance. The underwater noise generated due to the main engine in operation indicates the peak responses in line with the vibration response as indicated in Figure 9 . The trend of the peak responses in the frequency range <3 kHz indicated a close match with the vibration response peaks Grelowska et al (2013) . Figure 6 : The Auxiliary Genset minimum and maximum range of vertical vibration levels as measured.
The vibration response spectrum of the main engine measured a peak response value of 0.25 mm/s at frequency 704 Hz indicated in Figure 7 "A" and the auxiliary Genset measured a peak response value of 3.1 mm/s at frequency 832 Hz indicated in Figure 7 "B". The main engine was operating at the jetty condition at 750 RPM and the auxiliary Genset was operating at 800 RPM. The underwater sound pressure levels in frequency domain measured a peak SPL of 162 dB re 1µPa at frequency 1200 Hz indicated in Figure 8 "C". However, the underwater noise spectrogram shown in Figure 8 "D" indicate the disturbance due to the machinery in operation in the lower frequency range <3 kHz Barlett and Wilson (2002) ; (Gloza, 2011) . The underwater noise generated due to the main engine in operation indicates the peak responses in line with the vibration response as indicated in Figure 9 . The trend of the peak responses in the frequency range <3 kHz indicated a close match with the vibration response peaks.
The airborne noise levels indicated a peak sound pressure levels of 100 dB(A) in the engine room when measured with the machinery in operation condition indicated in Figure 10 (Nilsson, 1978) . 
Conclusions
The vessel radiation noise and vibration levels as measured are to be within the acceptable criteria limits and this has become a challenge to the designers. The measured data presented in this paper provide an indication of the underwater noise and vertical vibration levels of the fishing trawler during idling condition at the jetty with the main engine and auxiliary Genset in operation. The measurements are carried out in the Visakhapatnam fishing harbor because of easy access and being a busy harbor with more than 650 fishing boats operating on a continuous basis. The measurement also helped to investigate the machinery foundation mounting damping effects and to investigate the fishing vessel noise monitoring at the jetty. The continuous operation of a fishing vessel within the harbor limits greatly influence the ambient levels of the region. The results presented in this paper show that the radiated noise characteristics of a trawler under a jetty condition with main engine operating at 750 RPM indicated a peak vibration response of 0.331 mm/s at 704 Hz and the auxiliary Genset operating at 800 RPM indicated the peak vibration response of 3.31 mm/s at 832 Hz. The maximum and minimum range of vibration response for main engine was between 0.12 -0.34 mm/s and auxiliary Genset is 0.2-3.13 mm/s at the foundation level. The hydrophone deployed on the side of the vessel measured underwater sound pressure level 166 dB re 1µPa at frequency 1.2 kHz due to the machinery in operation and spectrogram indicated the disturbance in the lower frequency < 3 kHz. Up on overlapping of the vibration and underwater noise levels on the same frequency axis, the disturbance of the peak levels is found to be overlapping at the same frequency indicating the disturbance due to the machinery activity. This will allow determining the components in the underwater noise sources. The airborne sound pressure levels in the engine room with machinery in operation indicated 100 dB (A) levels. All the measured values are found to be within the acceptable criteria limits as specified by various standards. However, the present results are measured for jetty conditions which are not applicable for comparison with standard but still found to be within limits.
Based on the measurements of the vibration, underwater noise and airborne noise, it is possible to estimate the source levels and very important for monitoring self-noise and the technical state of the ship mechanism. The underwater noise levels are influencing the ambient noise levels, especially in the low band frequency range within the vicinity of the harbor.
